Aging in Human Attached Gingiva by Ryan, Edward John
Loyola University Chicago
Loyola eCommons
Master's Theses Theses and Dissertations
1970
Aging in Human Attached Gingiva
Edward John Ryan
Loyola University Chicago
This Thesis is brought to you for free and open access by the Theses and Dissertations at Loyola eCommons. It has been accepted for inclusion in
Master's Theses by an authorized administrator of Loyola eCommons. For more information, please contact ecommons@luc.edu.
This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 License.
Copyright © Edward John Ryan
Recommended Citation
Ryan, Edward John, "Aging in Human Attached Gingiva" (1970). Master's Theses. Paper 2424.
http://ecommons.luc.edu/luc_theses/2424
AGING IN HUMAN ATTACHED GINGIVA 
by 
EDWARD JOHN RYAN 
A Thesis Submitted to the Faculty of the Graduate School 
of Loyola University in Partial Fulfillment of 
the Requirements for the Degree of 
Master of Science 
JUNE 
UBRAi#70 
LOYOLA UNIVERSITY MED!CAtl C~Nn"U~ 
LIFE 
Edward J. Ryan was born on Hay 27, 1940 in Chicago, 
Illinois. 
He was graduated from St. George High School in Evanston, 
Illinois in Hay, 1958. From 1958 to 1961, he attended Loyola 
University, Chicago, Illinois. 
In September, 1961, he began studies at Loyola University 
School of Dentistry and received the Doctor of Dental Surgery 
degree in June, 1965. 
From July, 1965 thru June 1966, he served a rotating 
Dental Internship at the United States Naval Hospital in San 
Diego, California. After this he spent two years as a Dental 
Officer aboard ship. 
His graduate studies began in the Department of Oral 
Biology of Loyola University in July, 1968. Clinical training 
was done in the Department of Periodontics under Dr. Anthony 
w. Gargiulo. 
1 
DEDICATION 
I dedicate this thesis to my family: To my devoted 
wife, Rosemary and to my children, Janet, Joey, 
Eddie, Jr., Mary and Carolyn for their patience and 
understanding during the two years of graduate 
training; to my sister Helen Jo tot! her help and 
encouragement; and finally to my mother who a 10:1c 
time ago taught me the value of education. 
ii 
A CKNOWTJ:8D GEHENT S 
To the members of my board I wish to extend by thanks 
for their help and suggestions. 
To Doctor Patrick •roto my gratitude for always having 
time ror me. 
To Doctor Douclas Bowman my thanks for his assistance 
with the statistics. 
To Doctor Norman Wood my appreciation !or help and 
constructive criticism. 
In addition, I wish to express my indebtedness and thanks 
to Doctor Anthony Gargiulo, who as teacher and practitioner 
is an example of a well balanced fusion of basic scientist 
and clinician. 
iii 
TABLE OF CONTENTS 
CHAPTER PAGE 
I. IlfrRODUCTION • • • • • • • • • • • • • • • • • • 1 
II. REVIEW OF THE LITERATURE • • • • • • • • • • • • 3 
A. Mitotic Index in Humans. • • • • • • • • • 4 
B. Variations in Mitotic Index. • • • • • • • 5 
c. Animal Studies in Oral Mucosa. • • • • • • 9 
D. I'-'fi totic Rhythm • • • • • • • • • • • • • • 9 
E. Concepts of Aging. • • • • • • • • • • • • 14 
III. MATERIALS AND METHODS. • • • • • • • • • • • • • 18 
DI. 
v. 
VI. 
A. Biopsy Procedure • • • • • • • • • • • • • 18 
B. Specimen Preparation • • • • • • • • • • • 19 
C. Analysis Procedure • • • • • • • • • • • • 19 
FINDINGS • • • • • • • • • • • • • • • • • • • • A. :Mitotic Index of Stratified Squamous 
Epithelium. • • • • • • • • • • • • • • B. Cell Density of Stratified Squamous 
Epithelium. • • • • • • • • • • • • • • c. Connective Tissue Findings • • • • • • • • 
DISCUSSION 
• • • • • • • • • • • • • • • • • • • 
SUM.MAHY AND CONCLUSIONS. 
• • • • • • • • • • • • 
BIBLIOGRAPHY • • • • • • • 
• • • • • • • • • • • A. References cited •• 
• • • • • • • • • • • B. Secondary sources. • 
• • • • • • • • • • • 
A.PPEN'D IX • • • • • • • • • 
• • • • • • • • • • • 
iv 
22 
22 
23 
23 
31 
37 
39 
39 
44 
45 
CHAPTER I 
DP.I'RODUCTION 
Hitotic activity ha.a been studied in various subjects. 
The mitotic index, (the number of cells in mitosis per 1000 
cells}, and changes in cell density have been determined for 
these subjects under various conditions such as ar;iYl'. 
Past investigations (Harwah 1956, Gargiulo 1961 ) ha~re 
shown the mitotic :frequency in human gingiva to be as much as 
50% higher in old age groups than in younger age groups. 
These findings contradict the concept of aging by which bo-
dily processes are thought to slow down and regenerative ca-
pacity to diminish. 
The same investigators also noted the epithelial cell 
density to increase with age. 
This present investi5ation was done in an attempt to 
determine age changes in connective tissue and epithelium of 
human attached gingiva as measured by mitotic index and cell 
denL;ity and to determine whether there is an increaaed or 
decreased mitotic index in aging epitheliun of human gingiva 
as compared to younr;. 
'Ne wanted to determine if the mitotic index :ts a true 
reflection of mitot:f.c activity when derived nsing principally 
the cells capable of mitosis as a basis. Also a comparison 
of cell density changes with age between epithelium and con-
nective tissue was done in an effort to show if aging may 
affect tissues differently. 
The findings will be significant in that they are more 
in agreement with the previously held concepts of aging and 
its effects on human attached gingiva. 
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CHAPrER II 
The early work of 11inot ( 1908), concerning the varia-
tions of mitotic activity with different ti.smJ.ca, served as 
evidence of differential rates of growth in tissues. From 
this and other works we can propose a variation in the rate 
of aging based on the mitotic activity of the tissue in-
volved. 
Minot carried out his quantitative analysis of mitosis 
by using mitotic index (MI) which he described as "the num-
ber of cells to be found at any given moment in the active 
process or division out of a total of 1000 cells." The mi-
totic index has been used in many of the studies that fol-
lowed. 
In 19.52, Katzberg found that the abdominal skin mitotic 
index varied with age, having a range of .23 to .76. He al-
so noted a decrease in cell density with age. 
In 1953, Pinkus charted previous investigations of the 
mitotic index found in the human epidermis at various ages. 
Table I is his summary of these values. 
In 1956, .Uarwah reported the first mitotic index of 
human oral mucous membrane. He studied the epithelium of 
3 
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TABLE I 
MITOTIC INDEX 
HUman Epidermis 
Author and Year Region Age Mitotic Index 
Thuringer Scalp Adult 10 mitosis per sq. mm. 
( 1924) 
Thuringer Prepuce 3 years 0.74 ( 192 ) Scalp Adult 0.41 
Ear Adult 0.0037 
Leg Adult 0.0026 
Cooper Prepuce Newborn 1.4-6.8 (Av. 3.8) 
( 1939) 
Cooper 
( 1939) 
Prepuce 6-11 days 4.1 
Broder and Prepuce Newborn 7.4 
Lublin (1939) 
Andrew and Anticubital Adult 0.13 
Andrew (1949) Region 
Katzber' Abdominal 0-20 years basal 0.23 spinous0.26 (1952 Skin 21-40 years basal 0.48 spinouso.34 
41-60 years basal 0.73 spinous0.37 
61-80 years basal 0.76 spinous0.36 
Pinkus Forearm, 46 years 1.59 
flexor 
surface 
attached gingiva and reported age differences in the mitotic 
index. The age ranged from 25 thru 34 years and from 50 thru 
78 years with average mitotic indices of 0.98 and 1.56 respec-
tively. The cell density was also shown to increase with age 
going from 55 cells/(100u)2 to 73 cells/(100u)2 • The older 
group was found to have 50% more mitotic activity and a 33% 
increase in cell density. 
Thuringer, in 1959 reported on the effects of age on the 
human epidermis. There was an increase of MI from 0.245 to 
0.482 and a change in location of the greatest number of mito-
tic figures. The mitotic activity of the basal layer showed 
a sustained increase with age. The mitotic activity of the 
spinous layer showed a decrease with age. 
In 1960 Marwah reported on the effects of chronic inflam-
mation on the epithelial mitotic index in human gingiva. 
Specimens were taken from men 25 to 34, and 50 to 78 years of 
age. In the non-inflammed tissue there was an increase in 
mitotic index with age from .55 to .84. There was also an 
increase in cell density with age from 49/(100u)2 to 58/(100u)2 • 
In the inflammed specimens there was an increase in mitotic 
index from 1.5 to 3 times that of non-inflammed tissue. Cell 
size increased by 14-18%. The least increase was seen in 
specimens with high MI 1s. 
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Gargiulo in 1961 reported on the mitotic activity of human 
oral epithelium exposed to 30% Hydrogen Peroxide. Adult males 
ranging from 22 to 27 years and from 48 to 63 years were studied. 
The control biopsy specimens had an average mitotic index in 
the young age group of 0.79 and average mitotic index for the 
older group of 1.69. The treatment with 30% hydrogen peroxide 
resulted in an increase of the mitotic index by 8 times in 
the young and by 5 times in the older individuals. The average 
cell density for the younger group was 62 cells/(100u)2 and 
70 cells/(100u)2 for the older group. Gargiulo also stated 
that the apparent increase in MI was due to a retarding of the 
mitotic process and therefore was not a true reflection of 
mitotic activity. 
Silberkweit in 1963 described the pattern of mitotic acti-
vity and cell densities in the epithelium of children's in-
flammed gingi.va. His subjects were divided equally with regard 
to sex, and ranged in age from 5 to 13 years. The average mi-
totic index for males was .514 and for females was .575. The 
mitotic index increased slightly as the age increased. The 
cell densities ranged from 26.30 to 73.23/cm2 in males and from 
21.53 to 72.00/cm2 in females. 
Silberkweit also noted that as mitotic activity increased, 
cell density decreased. 
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Hayes and Silbermveit in 1964 :published the results of 
similar work. However, they studied normal gingival epithelium. 
~1he subjects ranged from 5 to 12 years of age. The average 
mitotic index for males was .454 and for females was .401. 
There was little variation in mitotic index with age. The 
average cell density of males was 60.32/cm2 ranging from 38.05 
to 91.39. The average cell denaj.ty of :female·s was 61.82/cm2 
ranging from 30.88 to 96.57. There was an inverse relation 
noted between cell density and mitotic index. The average mi-
totic index decreased with an increase in cell density. 
In 1964 Y1Xajewski and Gargiulo studied the mitotic acti-
vity in the oral epithelium of women. Twenty-four females bet-
ween the ages of 20 and 35 years were studied, beginning 15 
days after the- onset of menstruation. The mitotic indices 
ranged from 0.12 to 1.48 and averaged 0.74. The cell density 
ra11ged from 31 to 89 and averaged 54. cells/( 100u)2 • 
Soni and Silberkweit in 1965 published their findings on 
mitotic activity and cell density in human gingival a:pithelium. 
They studied 65 men m.d 65 women between 1L~ and 24 years of age. 
They found that in non-keratinized epithelium the mitotic in-
dex was one and one half times h15her than in keratinized epi-
thelimn. They found that in men with normal or inflammed 
tissue, cell density decreased with age. They also showed that .r 
in males the mitotic index increases with age in normal tissue 
8 
and decreases with age in inflammed tissue. In females the cell 
density decreased with age in normal or inflanuned tissue. The 
mitotic index increased with age in normal and inflammed tissue. 
The average cell density was 35.5 for normal males, 33.8 for 
male inflammed tissue, 35.7 for normal females and 35.7 for 
female inflammed tissue. The average mitotic index was .669 
for normal males and .8?5 for male inflammed tissue, .656 for 
normal females and .798 for female inflammed tissue. 
In 1967 Silberkweit described the mitotic activity in 
human gingival epithelium associated with Dilantin (Diphenyl-
hydantoin sodium) therapy. One hundred-forty-four patients 
from 8 to 22 years of age were studied. Thirty were being 
treated with Dilantin. Males of all ages treated with Dilantin 
showed a lower mitotic index as compared to non-treated sub-
jects. Young females t:reated with Dilantin showed a higher 
mitotic index than the non-treated patient. But the older fe-
males treated with Dilantin showed a lower mitotic index than 
the non-treated patient. Cell density decreased in treated 
males and females. Mitotic index decreased in treated males 
but increased in treated females. The average cell density 
was 49.3 for normal males, 29.2 for treated males, 48.1 for 
normal females and 31.6 for treated females. The average mito-
tic index was .485 for normal males, .294 for treated males, 
.492 for normal females and .550 for treated females. 
--
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Table II is a summary of the findings in human oral mucosa. 
Animal Studies 
The results of animal studies dealing with mitotic index 
in animal oral mucosa demonstrates that the rate of mitosis 
will vary with the animal, the specific area studied and the 
age. These results are briefly summarized in Table III. 
Mitotic Rhythm 
The time of maximum mitotic activity is not standard for 
all animals or all tissues. The mitotic rhythm even varies 
from organ to organ in the same animal. (Blumenfeld, 1942.) 
Henry (1952) found maximal activity in rabbit oral mucosa 
at 1:00 p.m. 
In 1954 Huhlmann found that the highest mitotic activity 
in rats was in the daytime. The peak mitotic activity in 
human epidermis occured at 12:00 midnight and 4:00 p.m. 
(Scheving, 1957.) 
Marwah (1956) took specimens between 2-4 p.m. 
Gargiulo (1961) took specimens between 11:30 a.m. and 
12:30 p.m. 
Krajewski (1964) took specimens between 2-4 p.m. 
Factors Influencing Mitotic Activity 
Bullough• w. (1952) found the following factors increased 
the mitotic index in animals: 
10 
TABLE II 
EPITHELIAL MITOTIC INDEX AND CELL DENSITY IN HUMAN ORAL MUCOSA 
Author and Year Subjects 
Marwah {1956) Normal males 
Marwah {1960) Normal males 
A~e Average Average defi 
0 HI Density 
25-34 
50-78 
25-34 
50-79 
.98 
1.56 
.55 
.84 
55/(lOOu)~ 
73/(100u) 
49/(100u)2 
58/(100u)2 
Inflammation increased Hi by 1-1 to 3 times. 
Gargiulo { 1961 ) Normal males 
Silberkweit (1963) 
Hayes {1964) 
Treated with 
30% Hydrogen 
Peroxide 
Inflammed 
Females 
Inflammed males 
Normal females 
Normal males 
Krajewski (1964) Normal females 
Soni (1965} Normal females 
Normal males 
Silberkweit ( 1967) 
Inflammed 
females 
Inflammed males 
Normal females 
Normal males 
22-27 .79 62/{lOOu)~ 
!~8-63 1 .69 70/( 100u} 
22-27 6.50 58/(100u)~ 
48-63 8.76 65/{100u} 
5-13 .514 21.53-72.00 
5-13 .575 26.30-73.23/cm2 
5-12 .401 30.05-96.57/cm~ 
5-12 .45L1- 38 .05-91 .39/cm 
20-35 0.74 54/(100u}2 
14-24 .656 35.7/cm~ 
14-21+ .669 35.5/cm 
14-24 .798 35.7/cm2 
14-24 .875 33.8/cm2 
8-22 
8-22 
Females treated 8-22 .550 31.6/cm2 
with Dilantin 
Males treated 8-22 .294 29.2/cm2 
with Dilantin 
I 
I 
I 
1 1 
TABLE III 
MITOTIC nm EX ORAL MUCOSA 
Hale Animals 
Author and Year Source of Region Age Mitotic Material Index 
Henry ( 1951) Rabbits Buccal mu- 3.5 
cosa months 5.1 
Halberg (1951+) Ra.ta Retromolar 5 11.0 
epithelium months 
Huhlemann (1954) Ra.ts Retromolar 5 4.4 
epithelium months 
Muhlemann (1955) Rats Interdental 5 39.81 
epithelium 
and 
Epithelial 
attachment 
-
--
1) sleep or rest 
2) increased blood sugar level 
3) increased intracellular oxygen tension 
lf.) injection of starch in saline 
5) injection of starch and phosphates 
6) injection of sugar and phosphates 
7) injection of glycogen 
8) injection of testosterone and estrogen 
Bullough found. the following factors produced a decrease 
in mitotic index in animals: 
1) leas food 
2) excessive muscular exercise 
3) cold 
lt) injection of phloridzin (interferes with phosphory-
lation) 
5) injection of insulin into non-diabetics 
6) decreased blood sugar levels 
7) castration 
8) decreased intracellular oxygen tension 
9) small a.mounts of iodoacetate and floride 
10) active cell movement 
11) cyanide (interferes with phosphorylation) 
12) malonate 
13) increased osmotic pressure 
12 
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14) mechanical injury 
15) ultra-violet light 
16) x-ray and beta radiation 
17) poisons of the try-ptoflavine or radiomimetic group 
{disturbs nucleoprotein metabolism) 
18) narcotics (interfere with dehydrogenaae) 
19) nitrogen mustard {interferes with hexogenaae) 
20) hydroquinone {interferes with glycolyaes) 
21) glucocorticoid hormones 
22) cortisone 
23) colchicine stops mitosis 
24) epinephrine 
Wentz (1952) studying epithelium thickness in clinically 
normal gingiva, found no correlation with either age or sex. 
He did not use mitotic index. In the connective tissue there 
was a decrease in cellular elements and an increase in fibrous 
intercellular substance~. 
Ma.rwah (1955) round a sex difference in oral epithelium 
cells and mitotic index in humans. 
Silberkweit (1967) showed that mitotic index was affected 
by administration of Dilantin Sodium. 
To accurately study the effect of age on mitotic index 
and cell density all other variables and influencing factors 
must be kept to a minimum. 
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Concepts of Aging 
Y!...8.tzberg {1952) studied human epidermis between the ages 
of 1-77 years and showed a decrease in cell density and an 
increase in mitotic index with age. Gradually there was an inc-
rease in the rate of desquamation over the ability to rege-
nerate. He concluded that the cell's life span declined from 
101 days to 46 days with age. 
The generally accepted concepts of aging such as the 
diminishing regeneration capacity of tissues, may be partially 
true but the fact that mitotic rates increase in oral epithe-
lium with age cannot be denied. This increase may be due to 
a loss of the regulative mechanisms governing mitotic frequency 
and normal cellular proliferation. 
Cowdry { 19.52) stated that with aging there is a decrease 
in cellular metabolic rate, amount of mitochondria and size. 
The collagen fibers fragment and the elastic fibers degenerate. 
There is also a change in the ground substance, i.e. hyaluro-
nic acid. 
Massler (1956) in describing the clinical changes noted 
in aged oral tissues commented on the loss of elasticity, 
slower repair, fibrotic changes and the loss of stippling in 
the attached g:lngiva. 
Sobel (1956) described aging in the connective tissues 
as an increase of fibrous over gel substances. It is by way 
,., 
•I 
i 
i 
.I 
of the connective tissue that cells receive nutrients and re-
move wastes. As an increase in fibrous nature of connective 
tissue occurs, the nutrition and metabolism of the cell is 
impaired. 
Ring (1960) also noticed a reduction of cells and blood 
vessels and an increase in fibers in connective tissue with 
age. The increase of fibrous elements is at the expense of 
tissue apace. 
Klingsberg (1960) in studies on rats, hamsters and mon-
keys showed decreased cellularity and increased fibrous subs-
tance in aged connective tissue. 
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Shk.lar (1966) also noticed changes between the very young 
(6-16 years) and very old (above 60). Among the changes sited 
were connective tissue atrophy and hyalinization. 
Pinzon in 1966 studying pulp tissue, noted that the num-
ber of cells and the number or tritiated thymidine labeled 
cells decreased ld.th age. He also stated that DNA synthesis 
and mitotic activity of young pulp cells played a role in tooth 
eruption. 
Von Sallman•a 1966 study on male rats showed that mito-
tic activity in the lens epithelium decreased with age and 
that there was an alteration of the division cycle with age. 
Burzynski (1967) in two studies found a difference in 
hexose and tyrosine componants in tissues relative to age. 
.... 
The soluble collagen componants decreases and the insoluble 
collagen increases with age. This agreed \'Jith Houck's (1967) 
findings. 
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Tanzer (1967) pointed out that tissue mucopolysaccharides 
are involved in aging of connective ti.ssue as well as the pro-
cess of dehyration. The inter-molecular binding forces in-
crease in number with ago. There are decreased u~ounts of 
chond.roitin sulfate and increased levels of keratin sulfate in 
aging. 
Falzone (1967) stated that deterioration of the genetic 
code may bo one "primary" aging process. Aging is characterized 
by several types of primary deteriorations of important struc-
tures which may be considered as internal milieu or componants 
of homeostasis. The result is deterioration of function and 
increased randomness and heterogenicity of structure and 
function. 
Toto (1967) re~orted that the collagen becomes insoluble 
with age due to increased bonding with hydrogen between aggre-
gates of tropocollagen and the formation of intramolecular 
cross linkac;es. 
In studying aced mico periodontium, Toto (1968) showed 
the total number of cells and number of tritiated thymidine 
labeled cells to be fewer than in the younger specimen. 
Hall (1968) again pointed out the increased cross-linkages 
in aging, and that there was a possible change in the control 
mechanisms operative within the fibroblast resulting in dif-
ferent products from the ribosomal peptide synthesis. 
Jensen (1968) found a decrease in labeled cells in the 
periodontal ligament with age. 
17 
Biopsy Procedure 
CHAPTER III 
MATERIAL AND METHODS 
In this study, the area selected for biopsy was the at-
tached gingiva in areas which appeared to be clinically free 
from inflammation. All of the specimens were taken from 
maxillary or mandibular premolar areas and the extent of the 
biopsy covered the attached and marginal gingiva of two teeth. 
Thirty-three men were selected for the study. Sixteen 
individuals, ranging in age from 18 to 22 years, comprised the 
younger age group. Seventeen men, ranging in age from 58 to 
64 years comprised the older ace croup. 
Only individuals who save negative medical histories were 
selected. None were on medication. Biopsies were taken bet-
ween 10:00 a.m. and 2:00 p.m. 
The alveolar mucosa in the area to be biopsied was infil-
trated with local anesthetic (Xylocaine 1:100,000 epinephrine). 
Usinc; a number 15 blade the tissue was incised and freed. 
The tissue was carefully removed from the teeth and washed in 
room temperature tap water to remove all of the blood. The 
specimens were immediately placed in 10'.?b formalin for fixation. 
18 
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The wound was covered with zinc oxide, accelarator and 
eugenol and left in place for seven days. No patient discom-
fort was noted, therefore analgesics were not prescribed. 
Specimen Preparation 
The biopsy specimens were fixed in formalin solution for 
24 hours after which time they were washed in cold tap water 
for 2l~ hours. The tissue was embedded in paraffin, sectioned 
at 6 microns at right angles to the surface of the epithelium 
and stained with hem.atoxylin and eosin. 
Analysis Pro~edu~~ 
One section of each specimen was selected at random and 
placed on the microscope and studied at 450X. The boundary 
between the free gingj.va and attached interdental gingiva was 
noted. The attached interdental gingiva, selected for study, 
was practically free of inflammatory cells. 
Cell Density - ERithelium 
19 
An eyepiece reticular representing 110 square microns of 
surface area at 450X was verified by projecting a stage micro-
meter. A sample area of epithelium was selected, using the 
basalar cell layer as a base line, and the total number of 
cells within the reticular boundaries were counted with the 
aid of a hand tally mechanical counter. Thia procedure was 
done 10 times for each specimen moving the reticular along the 
basalar cell layer parallel to the surface of the specimen. 
---- ----- ---------------------
l
!i\ 
,, 
l 
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An average number of cells per 100 square microns was then 
computed for each specimen. This was repeated for all of the 
specimens to obtain a mean number of cells per 100 square 
microns (cell density) for epithelium in the old and young age 
groups. 
Cell Density - Connective _Tissue 
The attached efne:tval connective tissue was studied in 
a 11.ke manner. The reticular was moved in a direction parallel 
to the surface using the projections of rete pegs as a base 
line and 10 counts were done on each specimen. The mean cell 
density was computed for each specimen and from that the young 
and aged connective tissue cell density was computed. 
In counting the fibrocytes or fibroblasts, care was ta.ken 
to avoid counting inflammatory cells or endothelial cells. 
Mitotic Index - Epithelium 
The mitotic index, expressed as the number of counted 
mitotic figures per 1,000 cells, was computed as a simple 
proportion utilizing the estimated total cells counted and the 
number of mitotic figures counted. 
Under oil the attached gingiva was examined for mitotic 
figures restricting our examination to the general areas 
sampled to determine cell densities. The number of mitotic 
figures was noted and the microscope adjusted back to lr50X with 
the reticular. The same area of specimen examined under oil 
i 
I 
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was then examined at l1-50X and the number of 110 square micron 
fields covered was multiplied times the average cell density 
to r;ive the total number of cells counted. The mitotic index 
can be computed from this. 
no. of mitotic figures ~' MI 
T;OOO total no. of cells counted 
Hepeating the above procedure for each of the specimens, 
the mean average mitotic index for all young and all aged was 
then computed. 
,I 
I! 
_______ JJ 
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CHAPTER DT 
FINDINGS 
A. Mitotic Index of Stratified Sq,uamous Epithelium 
The mitotic index (number of cells in mitosis per 1000 
cells) was determined for each specimen. The average mitotic 
index for the young age group (18-22 years old) was 1.01 and 
the average for the old age group (58-62 years old) was 1.14. 
Statistically there was no significant difference in mitotic 
index. 
Young 
The young indices ranged from .24 to 1.52. The standard 
deviation (S.D.) was .399. The total number of mitotic cells 
seen in the young was 91. The total c0lls observed for the 
presence of mitosis in the young group was 87,840. 
Aged 
The old indices ranged from .49 to 2.09. The standard 
deviation (s.D.) was .3643). The total number of mitotic cells 
seen in the aged group was 133. The total cells observed for 
the presence of mitosis in the aged croup was 119,380. 
The t value was .9309. The probability between 0.15 and 
0.20 - not significant. 
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B. Cell Density of Strat,ified Squamous Epithelium 
Enithelium 
Youn.cs: 
The cell density (tho number of cells per 110 square 
microns) in the epithelium of young averaged 14l~.2 and varied 
from 98.6 to 202.4. The standard deviation (S.D.) 1vaa 27.63. 
Aged: 
In the aged specinens the cell density of the epithelium 
averaged 191.24 and varied from 171.1 to 221. The standard 
deviation (S.D.) vra.s ll-i..li-9. 
The t value was 5.838. The probability was less than 
0.0001 - significant. 
The epithelial cells were smaller and there was less 
intercellular spacing in the aged. 
Connective Tissue 
Younfi: 
The cell density in the connective tissue of young men 
averaged 23.21 and varied from 15.9 to 31.30. The standard 
deviation was 4.60. 
Aged: 
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In the aged men the cell density of the connective tissue 
averaged 16.58 and varied from 10.8 to 20.9. The staudard devia-
tion was 2.92. A comparison of the two means showed that 
II 
'i' 
'i 
-the t value was lj..819. The probability was less than 0.001 -
Significant. 
It was our impression that the aged connective tissue 
cells were smaller and intercellular substance increased with 
age. 
24 
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TABLE IV 
GROUP Average Cell ~ensity Average 111 to tic (110 u) Index 
Younr:; Tien 144.2 1 .01 
fl 
( 18-22) 
;::l 
or-! 
,..; Old Men 191 .24 1 .1!{-(!) (58-64) ,.q 
..j..) 
or-! 
p~ 
i:::~ 
CD You11e Hen 23.21 
:> ( 18-22) 
.. 1 0 
t~ Old Men 16.58 C) t() 
~ •rl (58-64) ~ E-l 
0 
0 
... 
TABLE V 
Cell Density I 110 u 2 At 45ox 
I. E12ithelium 
Young 
T = 5.838 
II. Connective Tissue 
, T '" 4.819 
Young 
M~an 23.21 
s x ~z1.18 
= 4.60 
Aged 
1-!!an 191 .24 
S X::: 210.17 
"' 14.Li-9 
Aged 
~an 16.58 
u X::: 8 .51 
:: 2.92 
Mitotic Index I Mitotic Figuree I 1000 Cells Counted 
I.. Eni thelium 
T ·· .9309 
Youn5 
M.!an 1.01 MI 
s x~ .1595 
= .399 
A5ed 
M,!an 1.14 MI 
S X::.: .1327 
= .3643 
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TABLE VI 
Mitotic Index 
Young Epithelium - Cell Density 144.2/110u2 
Number or Specimen Total Cells Nitotic Index Deviation Mitosis 
1 4 3456 1.15 .14 
2 7 5040 1.38 .37 
3 9 6624 1.3.5 .34 'r 'I 
4 3 4176 .72 -.29 i' I 
5 4 8496 .47 -.54 111,!1 
111 
ii! 
6 l~ 4032 .99 -.02 i 
3168 
1·'1 
7 1 .31 -.70 
,,J 
I' 
8 4 5040 .79 -.22 
!Ir 
9 5904 1.52 .51 
,,11! 
9 
:·1::1 
',, 
10 7 6192 1.13 .12 ii'i 
II 
I" 11 8 5616 1 .. 42 .. 41 '1!11;! iii 
l')r:ll 
12 7 7920 .88 -.13 11111 1!1 
'1' 
13 7 5760 1.23 .22 11!111 !:'1 
I''' 
4032 'I'' 14 1 .24 -.77 )[I 
:ii:', 
15 7 6480 1.08 .07 1, 1:1 i'I 
,11 
16 
-2... 22.Q!t L.8 .51 '~11 i1 .,,,, 
:ii 
Total Total Average MI :::'I ,1 
91 87,840 1.01 s.s. .399 :':1 _, 
2r, 0 
TABLE VII 
Mitotic Index 
Aged Epithelium - Cell Density 191.2 cells/110u2 
Number of Specimen Total Cella Mitotic Index Deviation Mitosis 
17 Lr 4966 .81 -.33 
18 12 7258 1.65 .51 
19 8 5539 1.44 .30 
20 12 5730 2.09 .95 
21 6 5348 1 .12 -.02 
22 7 5730 l.22 .08 
23 7 7076 .98 -.16 
2li- 8 6112 1.30 .16 
25 9 8595 1.04 -.10 
2'" b 4 5157 .77 -.27 
27 10 8022 1.32 .18 
28 4 L1.393 .91 -.23 I 
''1 
29 6 12224 .l1-9 -.65 II I! 
I 
I' 30 5 6'376 .72 -.LJ2 I 11,1 fl 
31 9 7831 1 .15 .01 111: 
!'I' 
32 8977 1.22 .08 I:' 11 il11 
•t·11 
:11 
33 11 2.2.ZQ 
.L.12 .01 i11 i:i! 
-
I' 
Total Total Average MI n I 
! 
133 119,380 1.14 S.D. 0:: .361+3 
l 
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TABLE VIII 
Cell Density ( 110u)2 
Youn~ 
Specimen Epithelium Connective Tissue 
T 98.6 16.3 
2 112.l+ 15.9 
3 156.8 18.2 
4 113. 7 23~) 
5 174.1 20.6 
6 132.1 21.8 
7 156.3 23.3 
8 171.9 23.7 
9 177.9 25. 10 
10 202.4 24.li-O 
11 128.3 25.90 
12 162.4 20.80 
13 122.3 30.80 
14 139.4 31.30 
15 133.3 30.30 
16 125 • .2 1Q.70 
Averaee Average 
144.2 23.21 
TABLE IX 
Cell Density {1tOu)2 
Specimen Epithelium Connective Tissue 
17 174.5 20.9 
18 1 at~.8 12. 1 
19 221. 17.7 I 
20 176.9 19.3 ,I 
I' 
21 203.8 14.6 II 
1111 
22 196.8 18.5 I 
23 179.7 17.3 
24 187.6 15.5 
25 204.1 18.5 
26 173.7 15.4 1' 
1111 
27 201.1 ·1
1
11 18.2 
•.! 
28 195. 18.6 :1111 ( l''I 
29 171.1 li1l 14.1 111,11 
'I 
30 200.8 18.7 I) JI;' 
,'f!'!:, 
31 178.5 19.8 'Ii ·,:1 
111 I' 
32 210.5 1:1 10.8 ,,, 
'::I 1•1,': 
33 1L..2. :i !,'i 
Average Average 
191 .24 16.58 i: ! 
11 
·I; 
--
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CHAPTER V 
DISCUSSION 
This study v1aa undertaken in an attempt to determine the 
changes in gingival epitheliummd connective tissue as a result 
of al)ing. 
The mitotic index (the number of cells in mitosis per 1000 
cells) has been used as an experimental tool with attention 
also given to changes in the absolute numbers of mitosis. 
The cell density (number of cells per unit area (110u)2 ) 
was also determined for epithelium and connective tissue. 
Mitotic Index 
The nitotic index {gingival epithelium) of 1.01 in young 
men and 1.14 in aged men found in this study is not statisti-
cally different. 
This differs from the results of Katzberg (1952) and 
Harwah (1956) who both showed a significant increase in mito-
tic index with age. 
Marwah and his co-workers concluded that the epithelial 
regenerative process is accelerated with increasing age, and 
this would contradict the conce~t that in ac;ine bodily processes 
slow dovm and regenerative capacity diminishes. They also conc-
luded the possible relationship between carcinogenesis in older 
aee groups to the possible loss of regulative mechanisms eov-
erning cell division. 
--
32 
Gargiulo in 1961 also showed an increase in the mitotic 
index of ging:tval epithelium with age but pointed out the limi-
tations of mitotic index as a tool for studying cell division. 
In that study, if hydrogen peroxide actually had a "colchicine 
like" action then there were a greater number of cells entering 
mitosis in the young which is opposite the impression the mito-
tic index gives. 
The techniques used in this study to determine cell den-
ai ty, from which total cell numbers necessary to determine mi-
totic index waa computed, differed from other studies. This 
study dete::--mined cell density by taking samples just above the 
basement membrane always to include the basalar cell layer and 
lower prickle cell layers, i.e. those cells capable of mitosis. 
Although the mitotic index showed no significant increase from 
young to old, there was an increase in absolute numbers of 
dividing cells from 91 in the young croup to 133 in the aged 
group. This \VO"Jld imply an increased 'llitotic activity in the 
aged that is not illustrated by mitotic index, because of the 
increased cell density in the aged. 
We feel that this increase in mitotic activity is just 
proportionate to the increase in numbsrs of cells and not the 
result of a loss of mitotic regulative mechanisms or a function 
of the aging process. 
ii': 
'i I' 
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Cell Density 
The results of this study show a."1 increase in epithelial 
cell density with age. This agrees with other works in percen-
tage increase (Marwah 1956 and 1960, Gargiulo 1961, Hayes 1961+, 
Soni 1965 and Silberkvreit 1967). The actual figures of 144 
cello/(110)2 in the young and 191 cells/(110u)2 in the aged 
are in this study, hicher than their findings. Not only were 
we measuring in much nore dense areas of epithelium, but we 
2 ? 
were using (110u) as compared to (100u)~ as used in other works. 
In determining cell density, other investigators have 
estimated the total number of cells in a specimen by counting 
the number of cells in a sample area and measuring the total 
surface area. It must be made clear that we determined cell 
density not as a fraction of total number of cells in the spe-
cimen, but as the mean of ten sample ( 110u)2 areas ir1 the 
stratum germinativum vicinity (cells with the potential for 
division). 
Katzberg (1952) on the other hand found a decrease in cell 
density witb age in human epidermis. In the areas we studied, 
the cells vrere smaller with less intercellular spacing in the 
aged. This vras due to an observation that a ( 110u)2 reticular 
packed with cells C'"mtained a hicher number in the aged section. 
The increased cell density as seen within the reticulara 
could result froz:' '1 decreased cell size and/or a decrease i!l 
r _________ ___, 
L 
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the intercellular substance. This may very well represent the 
principal. function of a.gint;. In order to maintain the functional 
thickness of the epithelium, more cells are required, and a 
proportionate increase in mitotic activity naturally follows. 
The result of this was our finding a hic;hor cell density in the 
a.£:;cd. Cowdry (1952) also stated that in aging there was a 
decrease in cell size in epidermis. 
Connective Tissue Cell Denait;z 
The cell density in the girgiva.1 connective tissue was 
determined in the sa.Jne manner as in the epithelium, usine the 
basement membrane as a reference point and extendint; into the 
lamina propria. This study showed the cell density in connec-
tive tissue to decrease with age from 23.21 in the younc to 
16.58 in the aged. 
These findings are in agreement with Pinzon's (1966) find-
ings in rat pulp, Jensen's (1968) findincs in rat periodontal 
ligament and Toto's (1968) findinss in the periodontiwn of aged 
mice. 
Alvarez in 1967 commenting on an article on aging stated 
that there was some form of coding or proe~amraing at the cellular 
level and that a fibroblast 1vill divide just so many times and 
no more. This is illustrated by the fact that a fibroblast from 
an embryo will divide 50 times but a fibroblast from an adult 
will divide only 20 times. Balazs and Rappay (1968) basically 
agree with this concept. 
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It is our impression that the aged connective tissue cell 
was smaller due to its relationship to the (one micron)2 cross-
hatching of the reticular as compared to the younger cells. 
The intercellular distances are increased with age as illustra-
ted by the fewer cells per unit area. 
The intercellula.r substance appeared to increase with age 
and appeared to be composed of denser fibers. The ground subs-
tance, hyaluronic acid, undergoes cha;nges in aging as pointed 
out by Cowdry in 1952 and Goldman in 1954. Toto in 1967 des-
cribed the formation of intramolecular cross linkages resulting 
in a more insoluble collagen with age. Sobel in 1956 described 
the increase of fibrous over gel substance with aging. 
We have suggested that there is an increase in the collagen 
fibers as part of the over all change seen in the intercellula.r 
substance with aging. As an increase in fibrous connective 
tissue consiatance, and an increase in gelation of ground subs-
tance occurs, (Gersh and Catchpole, 1949) the maintenance of 
adequate nutrition and waste removal becomes impaired. It there· 
fore seems plausible for the number and size of the cells to de-
crease since cells may be adapting to this altered environment 
by either getting smaller or dying off. These findings and ob-
servations concur with Ring (1960) and Klingsberg (1960) Burzyn-
ski in two 1967 studies, eoes into detail vrith regard to bioche-
mical changes in palatal and gingi val tissue in guinea nigs 
:11. I', 
:~ 
Sho,rl..ng that in aging there is an increase in insoluble col-
lagen and a reduction in amount of mucoprotein. 
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In the connective tissue, the many age changes of collagen 
fibers and intorcellular ground substance may make the nutri-
tion of cells difficult. Since it is by wa:y of the connective 
tissue that the cell receives its nutrition and waste products 
are removed, we would expect the decrease of connective tissue 
coll density as seen in our results. 
There very definitely is a difference in young and aced 
human attached gingiva. 
The youne men differ from the aeed men in the number of 
~itotic ficures seen and in the cell densities. The epithelial 
changes are different in aging than that of the connective 
tissue. That is in agine, the epithelium shows an increase in 
cell density whereas the connective tissue sho\va a decrease. 
Shklar in 1966 described the fact that in aged epithelium the 
cells are smaller and closer together and that there are ground 
substance changes with regard to composition and reduced water 
binding. This explains the higher cell density. The increase 
in absolute numbers of mitosis is proportionate to the increased 
numbers of cells. 
While there is not an increase in mitotic rate with a.50, 
the fact that there were more epithelial cells in the germina-
tive layer explains the increase in absolute numbers of mitosis. 
This greater number of cells is in accordance \vi.th the increase 
in mitotic figures. 
CHAPTER VI 
SUMMARY AND CONCLUSION 
Thirty-three clinically normal gingival biop~J specimens 
were analyzed to determine the nrl.totic index in the epitheliu·yy\, 
and the cell density of epithelium and connective tissue of 
the attached gingiva, in the young and old men. 
Systemically normal subjects were selected. Sixteen in-
dividuals, ranging in age from 18-22 years comprised the 
younger age group. Seventeen men ranging in age from 58 to 
64 years comprised the older age group. 
Biopsies were taken between 10:00 a.m. and 2:00 p.m. and 
the specimens fixed in formalin, embedded in paraffin, sec-
tioned at 6 microns and stained with hemotoxylin and eosin. 
Using an eyepiece reticular representing (110u)2 at 450X , 
cell density was determined in epithelium and connective tissue. 
The mitotic index was computed in epithelium. An average 
epithelial cell density of 144.2 cells per (110u)2 in the 
young men and 191.2 cells per (110u)2 in the aged men was found. 
An average connective tissue cell density of 23.21 cells per 
(110u)2 in young men and 16.58 cells per (110u)2 in aged men 
vras found .. 
37 
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The average mitotic index was 1.01 in young men and 1.14 
in aged men. This was not statistically different. 
There was an absolute increase in mitosis in aged men due 
to the proportionate increased numbers of cells in the epithe-
lium. The aged epithelial cells were smaller and had less in-
tercellular spacing than the young. 
In the connective tissue there was a decrease in cell 
numbers and size with aging but an increase in intercellular 
uabstance. 
11 
:1,1 
,l,1'1.1 
1111 
11:11· 
··1' 
l,1 
II' 
1
111 
"' 
·I"" 
·.'''I I  
11,'1' 
'l''·I I!:: 
'I 
l
'.11 
1
1, 
'.i1'• 
'i·, 
---- -- --------------------------------~ 
A. 
1 • 
2. 
6. 
?. 
8. 
9. 
10. 
11. 
BIBLIOGRAPHY 
References cited: 
Alvarez1 W.c.; Aging at the cellular level, Geriatrics, 22:9u, 1967. 
39 
Balazs, A. and Rappa.Y, G.; Cytological study on the loss 
of dividing abiliti in renewal cell population, E.tgier 
Geront, 3:1-8, 1968. 
Blumenfeld, C.M.; Normal and abnormal mitotic activity. 
Comparison of periodic mitotic activity in epidermis, 
adrenal cortex and submaxilla.ry gland of the albino 
rat, !t,£h ~' 33:770, 1942. 
Bullough, w.s.; The energy relations of mitotic activity, 
~ .E!I ~ Philoa .§2£, 27:133-168, 1952. 
Bullough, w.s.; Stress and epidermal mitotic activity. _ 
The effects of the adrenals hormone, !I~' 8:365, 1952. 
Burzynski, N .J.; Relationship between age and palatal 
tissue in the guinea pig, !I ~ .lli!f!, 46:539-5!1-3, 1967. 
Burzynski, N.J.; Variations in oral tissues as associated 
with aging, Arch~ .fil2!, 12:307 ... 309, 1967. 
Cowdry, E.V.; ~of individual cells. Cowdr1's ~ ~in Sgi~g;-nvi!!iams ~ Williins, na1t1mor~, 1952, 
PP• 5"(5::8 , PP• 764-790. 
Falzone, J.A.; Cellular compensation and controls in the 
aging process, !I Geront, 22:42-52, 1967. 
Gargiulo, A.W., Wente, F.M. and Orban, B.J.; Mitotic acti-
vity of human oral epithelium exposed to 30 percent 
hydrogen peroxide, Oral Sur~,~,Med ~ ~' 
14:474-492, 1961. 
Gersh, I. and Catchpole, H.; The organization of ground 
substance and basement membrane and its significance 
in tissue injury, disease and growth, Amer J Anat, 
85:457-521, 1949. ---- - ----
12. 
13. 
15. 
16. 
1?. 
18. 
19. 
20. 
21. 
22. 
Goldman, H.M.; Geriatric changes in the oral mucosa, 
.!!. ~ ~. 9:86, 1954. 
40 
Halberg, F., Zander, H.R., Hougham, :M.W. and Huhlemann, 
H.R.; Daily variations in tissue mitosis blood eosino-
:phils and rectal temperature Of rats, A! l Physiol, 
177 :361, 1954. 
Hall, D.A.; The aging of connective tissue, ~ Geront, 
3:77-89, 1968. 
Hayes, R.I,., Sil1Jerkweit, M., Soni, N.N. and Simpson, T.H.; 
Pattern of mitotic activity and cell densities in nor-
mal gingival epithelium of children, :I. ~ ~' 43: 
21 ?-223, 1961~. 
Henry, J.L.; The pattern of mitotic activity in the 
epithelium of the oral mucosa Of normal and colchici-
nated rabbits. Thesis for the degree of Doctor of 
Philosophy, Graduate College, Chicago Professional 
Colleges, University of Illinois, 1951. 
Henry, J.t., Meyer, J., Weinmann, J.P. and Schour, I.; 
Pattern of mitot1c activity in oral epithelium of 
rabbits, ~ Ar£h ~' 54:281-29?, 1952. 
Jensen, J.L. and Toto, P.D.; Radioactive labeling index 
of the periodontal ligament in aging rats, l ]2£!!i ~' 
4?:149-153, 1968. 
Katzberg, A.A.; The influence of age on the rate of des-
qua.mat:ton of human epidermis, ~ llit£,, 112:418, 1952. 
Klinsberg, J. and Butcher, E.O.; Comparative histology 
of age changes in oral tissues in rats, hamsters and 
monkeys, .:[ ~ ~ 39:158-169, 1960. 
Krajewski, J. and Gargiulo, A.W. and Staffileno, n.; 
Mitotic activity in the oral epithelium of the human 
female, Perio, 2:267-271, 1964. 
Marwah, A., Meyer, J. and Weinmann, J.P.; Mitotic rate 
of gingival epithelium in two age groups, .!!. Invest 
~. 27:237-247, 1956. 
23. Mar\vah, A. and Weinmann, J.P.; A sex difference in epi-
thelial cells, .!!. Perio, 26:11-13, 1955. 
... 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
Ma.rwah, A.S., Weinamnn, J.R. and Meyer, J.; Effect of 
chronic inflammation on the epithelial turnover of the 
human gingi va, Jk£11 .ffil.h, 69: 147-153, 1960. 
Hassler, Maury; Tissue changes during aging, ~ Sur~, 
~ ~' Oral f!ih, 9:1185-1189, 1956. 
Minot, c.s., Ac;,e, Gro\vth ~ Death, 1908. 
41 
Huhlemann, H.R;; Mitotic activity in the periodontal 
tissues of the rat molar, .:I~~, 33:459-467, 1954. 
Pinkus, H .. ; P~ysioloi !!aS! biochemistry.£! lli akin, (Rothman, Un v. of ~d.cago Preas, Chicago), pp-:-5'8'6-588, 
1953 .. 
Pinzon, R.D., Toto, P.D. and O•Malley, J.J .. ; K..1.netics 
of rat molar :pulp cells at various ages, .:I .J2£.Ei ~. 
45:934-938, 1966. 
Ring, J.R.; A~e chanGes in oral .sube:Eithelial connective 
tissue in~~ some·aocii!"and biologica! aspects, 
Shock, N:vr.-recr:r-'Olorn-gcha"EifEir Co.) pp .. 395, 1~~0. 
Scheving, L.; Mitotic activity in the human epidermis. 
Thesis for the degree of Doctor of Philosophy, Graduate 
School, Loyola University, Chicago, 1957. 
Shklar, G.; The effects of aging upon oral mucosa, 
.:I Invest ~' 1+7: 115-120, 1966. 
33. Silberkweit, H., Soni, N.N. and Hayes, R.L.; Pattern 
of mitotic activity and cell densities in the epithelium 
of infla.'!lmed gingiva in children, .:I 1?.fil!.i ~, 42:1503-
1510, 1963. 
3lt-• Silberkiveit, N., Soni, N•N., Stricker, E. and Sa.la.mat, K.; 
Mitotic activity in human gingival epithelium associated 
with dilantin sodium therapy, Perio, 5:70-72, 1967. 
35. Sobel, H.; The possible role of the gel-fiber ratio of 
connective tissue in the aging process, .:I Geront, 11: 
2, 1956. 
36. Soni, n.w., Silberkweit, M. and Hayes, R.,L.; Pattern Of 
mitotic activity and cell densities in human Gingival 
epithelium, J Perio, 36:15-21, 1965 .. 
37. Tanzer, M.L.; Aging in collagen, :I. 12.£lli ~' 46: 1196, 
1967. 
38. 
39. 
41.. 
42. 
43. 
Thuringer, J.H. and Cooper, Z,,K.; The mitotic index of 
the human epidermis, the site of :ma.."'-dmu!n cell nrolifera-
tion, and the development of the epidermal pattern, ~ 
~, 106:255, 1960 .. 
Thuringer, J. and Katzberg, A.A.; The effects of age on 
mi to sis in the human O'tl.1: idermis, J Invest Dorm 33: 
- _, 35-39, 1959. 
Toto, P.D., Jensen, J.L. and Sawinski, V.J.; Sulfate 
untake and cell kinetics in teeth and bone of aging mice, 
Perio, 5:292-294, 1967. 
Toto, P.D. and Borg, Ii.; Effect of age chances on the 
premitotic index in the periodontium of nice. :I. ~ 
~' 47:70-73, 1968. 
Von Sallman, L.; Effect of age on cell division, 3-H-thy-
midine in corporation a.nd diurnal rhythm in the lens 
epithelium of rats, Invest OJ!thal, 5:560-567, 1966. 
Wentz, F.M., Ha.ier, A.VI. and Orban, B.J.; Age changes and 
sex differences in the clinically normal Gingiva, :I. Pcrio, 
23: 13-21, 1952. 
I 
~------
B. 
1 • 
2. 
3. 
43 
Secondary Sources 
Bachnik, F.L., Toto, P.D. and Gargiulo, A.W.; Cell renewal 
time and movement of the oversctomized mouse interdenta.l 
epithelium, Perio, 5:172-174, 1967. 
Bullough, w.s.; Age and mitotic activity in the male 
mouse, Muscularia, L., J 1£s:Ja ~, 26:261-286, 1949. 
Bullough, w.s.; Stress and epidermal mitotic activity: 
the effects of the adrenal hormone, !!, ~, 8:365, 1952. 
4. Burgio, G.R.; Age and akin reactivity, Lancet, 2:411, 1968. 
5. Cohen, L.; The intercellular cement substance of oral 
epithelium in men and macaca irus, .££b. ~ ~. 
13 :163-170, 1968. 
6. Gross, J.; Collagen, Beien~. 204:120, 1961. 
7. 
8. 
10. 
11 • 
12. 
13. 
Hall, D.A.; The aging of connective tissue, SiffipOs .22£ 
E!n ~. 21:101-125, 1967. 
Houck, J.C.i DeHesse and Jacob, R.; The effect of aging 
upon col a.gen catabolism, Sympos .22.£, ~Biol, 21: 
403-425, 1967. 
Joglekar, A.A., Toto, P.D. and Gargiulo, A.W.; C-Jtologi-
cal study of the migration or the epithelial cells or 
the mouse interdental papilla, !!, Perio, 35:375-380, 1964. 
Lauelle, C.L.; The effect of age on the oral mucosa of the 
rat, ll2!!!, Pract, (Bristol), 18:356-357, 1968. 
Lesher, s., Fryi J.M. and Kohn, H.I.; Aging and the ge-
neration eye e of intestinal epithelial cell in the 
mouse,!!, Gerontol, 5:176, 1961. 
Rothman, s.; PhJ:siology and Biochemistry or the Skin. (University orcii!ca.go Fess, cii!cago) pp; ~,--;86-588, 
377, 594, 584-600, 1954. 
Strehler, B.L.; The nature of cellular age changes, 
SY!!ffiOB .22£. !!:2 ~, 21:149-177, 196?. 
i'j 
f 
111 
15. 
44 
Tarner, C.; Histological categories of the clinically 
healthy gingiva, !!: Perio, 38:211-217, 1967. 
Winkelman, R.K.; Advfcices in Biology of the Skin, (Pergamon Preas, OXOr<lJ,vol G, pp.~,19~ 
45 
APPENDIX 
TABLE A 
Young 
Specimen Age Epithelial Connective Tia- Epithelial 
Number Cell DensztY sue Cell D~naity Mitotic Index (110u) ( 110u) 
1 18 98.6 16.30 1 .15 
2 19 112.4 15.90 1.38 
3 20 156.8 18.20 1.35 
4 21 113. 7 23.30 .72 
5 22 174.1 20.60 .47 
6 22 132.1 21.80 .99 
7 22 156.3 23.30 .31 
8 22 171.9 23.70 .79 
9 22 177.9 25.10 1.52 
10 22 202.4 24.40 1.13 
11 22 128.3 25.90 1.42 
12 22 162.4 20.80 .88 
13 21 122.3 30.80 1.23 I 
ii 14 22 139.4 31.30 .24 
11
1 
1.08 II 15 22 133.3 30.30 I 
11 
16 21 122·:2 12.zo .L£ 11, 
Average Average Average ~I· 
144.2 23.21 1.10 
Specimen Age Epithelial 
Number Cell Dens~ty (110u) 
17 61 174.5 
18 63 184.8 
19 58 221. 
20 59 176.9 
21 63 203.8 
22 61 196.8 
23 60 179.7 
24 61 187.6 
25 64 204.1 
26 58 173.7 
27 58 201.1 
28 59 195. 
29 63 171 .1 
30 64 200.8 
i 31 58 178.5 
I 32 58 210.5 
I 33 61 Average I 
I 191 .24 
' L 
TABLE B 
Aged 
Connective Tis-
sue Cell D~nsity ( 110u) 
20.9 
12.1 
17.7 
19.3 
11+.6 
18.5 
17.3 
15.5 
18.5 
15.4 
18.2 
18.6 
14.1 
18.7 
19.8 
10.8 
.1L.2. 
Average 
16.58 
46 
Epithelial 
Mi to tic Index 
.81 
1.65 
1 .1+4 
2.09 
1.12 
1.22 
.98 
1.30 
1.04 
.77 
1 • .52 
.91 
.49 
.72 
1.15 
1.22 
.L.12 
Average 
1.1 l+ 
I~ 
Patient Ago Epithelial Mean Standard Connective Mean Standard Mitotic 
Cell Densi-2 Deviation Tissue Cell Deviation Index ties (110u) Densit~ea ( 110u) 
1 18 79 104. 98 .. 6 17 .. 4.5 20 18 16.3 5.53 1 .15 
87 121 28 12 
79 113 19 16 
59 107 18 8 
111 116 15 9 
2 19 86 161 112.4 22.41 9 14 15.9 4.45 1.38 1-3 
86 121 16 15 ~ 
90 97 12 16 0 
122 123 12 25 
128 110 20 20 
3 20 212 113 156 .. 8 28.60 13 18 18.2 3.05 1.35 
194 176 21 22 
132 161 17 17 
143 144 14 23 
158 135 18 19 
~ 
Patient Age Epithelial Mean Standard Connective Mean Standard Mitotic 
Cell Densi-2 Deviation Tissue Gell Deviation Index ties (110u) Densit~es ( 110u) 
4. 21 71 117 113. 7 26.21 22 34. 23.3 4.51 .72 
81 114 21~ 20 
174 101 23 27 
116 123 17 22 
120 120 25 19 
5 22 151 199 174.1 26.69 24 19 20.6 2.49 .1+7 1-3 
148 195 21 22 ~ tx:l 
182 138 18 17 Q 
160 190 25 18 
225 153 21 21 
6 22 150 130 132.1 13.75 23 20 21.8 3.76 .99 
148 115 19 19 
137 124 28 17 
147 112 17 24 
141 117 24 27 +-co 
r 
, 
Patient Age Epithelial Mean Sta11dard Connective 1'1ean Standard Hitotic 
Cell Densi-2 Deviation Tissue Cell Deviation Index ties ( 110u) Densit!es (110u) 
7 22 156 182 156.3 25.21 19 32 23.3 4.67 .31 
161 175 18 25 
135 186 23 27 
126 119 21 17 
190 133 29 22 
8 22 164 195 171.9 57.24 20 19 23.7 3.40 .79 1-3 
184 154 25 22 ~ t'j 
174 162 20 28 Q 
153 169 23 30 
188 172 25 25 
9 22 236 190 177.9 30.85 18 .35 25.10 6.50 1.52 
168 221 15 32 
154 146 21 28 
149 196 29 17 
177 1li2 27 29 
~ 
batient Age Epithelial Hean Standard Connective Hean Standard Mitotic 
Cell Densi-2 Deviation Tissue Cell Deviation Index ties ( 110u) Dens1tzes ( 110u) 
0 22 183 172 202.4 45.04 29 26 2l~.40 4.92 1.13 
266 188 16 17 
32l~ 151 22 22 
191 148 27 31 
236 165 30 24 
t 22 130 115 128.3 13.76 29 31 25.90 5.80 1.42 t-3 
146 153 33 2'7 
6; 
t-t 
t.-=:l 
1 1 1 110 32 22 0 
120 129 19 14 
137 132 24 28 
12 22 125 191 162.4 41.95 27 14 20.80 l~.46 .88 
162 1l1.8 20 17 
163 267 29 22 
148 120 17 24 
119 181 19 19 
\11 
0 
=-_:=--=--==-----=---:-=--=-=-- ---:-----=--=----=----=-=---=--=---:---~~_::::_=----=-=-====-~==~~~~-~~----:_----=---=-= =--=--~- =-~::~~==-=----,;-~ -~-=---;__~--- -=------=-~ ---~ --co-====-=~~=---=~=----=--=-~ 
, 
' Patient Age Epithelial Mean Standard Connective Mean ~tandard Mitotic Cell D:ensi-2 Deviation Tissue Cell :i>eviation Index ties (110u) Densit!es ! ( 110u) 
13 21 153 1 lt4 122.3 15.79 39 37 30.80 6.46 1.23 
97 125 35 31 
115 104 17 29 
122 126 32 37 
117 120 24 27 
14 22 145 128 139.4 19.08 36 25 31.30 5.15 .24 1-3 
167 130 25 26 ~ 
t=j 
137 118 39 29 0 
133 135 27 35 
181 120 37 34 
15 22 128 159 133.3 17.93 30 28 30.30 3.03 1.08 
144 1 1 1 29 31 
135 118 32 27 
157 109 35 36 
120 152 27 28 
\J1 
-
r 
Patient Age Epithelial Mean 
Cell Densi-2 ties (116u) 
16 21 125 114 125.3 
166 103 
135 134 
130 127 
118 101 
-=-
Standard Connective 
Deviation Tissue Cell 
Densit~es 
( 110u) 
17.66 14 16 
19 26 
22 25 
17 21 
20 17 
~-------
Hean Standard !Ti totic 
Deviation Index 
19.7 3.68 1.52 
8 
E; 
t"f 
l:j 
0 
, 
){] 
~ 
Patient Age Epithelial 
Cell Dens:f_ -
ties ( 11 Ou )2 
17 
18 
19 
61 126 157 
185 180 
187 208 
205 190 
141 166 
63 160 171 
184 152 
215 196 
190 184 
198 198 
58 252 221 
197 218 
250 280 
190 200 
220 182 
Mean Standard Connective Mean Standard Mitotic 
Deviation Tissue Cell Deviation Index 
174.5 25.38 
184.8 18.15 
221 29.65 
Denait!es (110u) 
16 19 
19 27 
21 24 
17 24 
22 20 
10 10 
12 12 
15 11 
8 15 
16 12 
19 14 
15 20 
18 22 
17 17 
19 16 
20.9 3.23 .81 
12.1 2.42 1.65 
17.7 2.28 1.44 
, 
8 
~ 
t=j 
t:1 
~ 
A 
Patient Age Epi.thelial Mean Standard Connective Mean Standard Mitotic 
Cell Densi- Deviation Tissue Cell Deviation Index 
ties (110u)2 Densit~es ( 110u) 
20 59 211 137 176.9 21.84 21 23 19.3 3.71 2.09 
156 196 23 25 
170 180 17 16 
157 176 20 19 
182 204 12 17 
21 63 226 200 203.8 20.32 12 19 14.6 2.61 1.12 
8 
198 158 16 13 ~ 
218 194 14 
t::l 
12 t::1 
206 189 11 17 
217 232 18 14 
22 61 160 188 196.8 20.39 14 24 18.5 3.07 1.22 
191 215 15 19 
180 233 19 23 
205 216 17 18 
201 179 16 20 
\J1 
~ 
r 1 
Patient Age Epithelial Mean Standard Connective Mean Standard Mitotic 
Cell Densi-~ Deviation Ti.aaue Cell Deviation 
ties ( 110u)i:.;. Densit!es 
(110u) 
23 60 178 163 179.7 15.58 15 17 17.3 2.68 .98 
185 194 17 19 
176 179 16 22 
208 183 19 12 
147 184 20 16 
g4 61 179 212 187.6 13.71 20 15 15.5 3.50 1.30 8 
159 177 17 19 Gj ~ 
183 195 16 16 t:1 
190 192 12 8 
188 201 13 19 
25 64 214 195 204.1 13.54 12 17 18.5 3.32 1.04 
224 202 23 24 
193 222 16 18 
212 196 19 17 
178 205 21 18 
VI 
VI 
Patient Age Epithelial Mean Standard Connective Mean Standard Mitotic 
Cell Denai-2 Deviation Tissue Cell Deviation ties (110u) Densit~es ( 110u) 
26 58 145 194 173.7 24.94 12 14 15.4 2.57 .77 
190 220 13 15 
139 196 20 14 
154 160 17 17 
158 181 19 13 
27 58 191 185 201.1 15.87 16 18 18.2 3.43 1.32 
8 
209 218 19 14 ~ 
1:1:1 
285 228 13 17 t::1 
203 215 17 23 
176 201 21 24 
28 59 137 193 195 31.46 17 24 18.6 3.07 .91 
254 175 21 17 
215 179 16 14 
237 183 19 19 
187 190 23 16 
\JI 
O'\ 
Patient Age Epithelial Mean Standard Connective Mean Standard Mitotic 
Cell Densi-2 Deviation Tissue Cell Deviation Index ties (110u) Demrlt!es (110u) 
29 63 196 190 171. 1 17.72 12 13 14, 1 2.07 .49 
149 172 13 15 
176 181 16 17 
143 155 11 12 
159 190 17 15 
30 64 212 212 200.8 15.88 17 15 18.7 2.79 .72 
1-3 
228 216 15 17 ~ 
194 184 24 21 t:;I 
190 189 19 19 
208 175 22 18 
31 58 177 208 178.5 22.27 19 16 19.8 2.1+0 1 .15 
163 152 24 20 
145 169 21 19 
217 172 17 18 
184 198 23 21 
\Jl 
-...J 
----=--=--=..: ---=- --__ 
.., 
Patient Age Epithelial Mean Standard 
Cell Densi-2 Deviation ties (110u) 
32 58 175 107 210.5 59.91 
262 271 
209 282 
156 265 
157 220 
33 61 
Connective 
Tissue Cell 
Densit~ea ( 110u) 
18 10 
10 7 
12 8 
10 7 
14 12 
12 15 
17 9 
9 11 
10 15 
9 12 
Mean Standard 
Deviation 
10.8 3.21 
11.9 2.73 
Mitotic 
1.22 
1.15 1-3 
:i> ~ 
t:::I 
t:J 
\J1 
o:i 
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